BIOCHEMICAL SOCIETY TRANSACTIONS by a further 5 min when the slices were depolarized with 5 0 m~-K+ (substituted for Na+). After desalting by passage through Amberlite CG-120 (H+) columns, the fractions were evaporated to dryness and free amino acids were determined by the double-label dansylation technique as described by Roberts & Kapur (1977). The results, in which the amino acid content of the high-K+ fraction was expressed as a percentage of the amount in the control (prestimulation) fraction, indicated that only glutamate (528 +_ 79%) and y-aminobutyrate (202f 21%) exhibited a significant increase in release stimulation (means f S.E.M. for eight to 1 1 experiments). The release of aspartate, glutamine, glycine and alanine remained unchanged in the presence of 5 0 m~-K + .
release of L-glutamate from the thicker slices of striatal tissue. The conditions of superfusion were essentially identical, but released glutamate was assayed by the micro-enzymic method of Graham & Aprison (1966) with slight modifications.
The spontaneous release of glutamate in normal Krebs medium (4.7 mM-K+; 2.5 mM-Ca2+) or with no Ca2+ and 1 mM-EGTA, was approx. 0.1 nmol/mg tissue wet wt. per 5 min, and this was increased in a dose-related manner, with increasing K+ concentrations. The release was strongly Ca2+-dependent, being increased only 1.5 times by 5 0 m~-K + in Ca2+-free media, compared with 3.5 times [0.43 1 f 0.029 nmol/mg of tissue per 5 min (mean f s.E.M.)] in the presence of Ca2+. Repeated stimulation of slices resulted in a lesser release of L-glutamate. However, since the spontaneous release was similarly decreased, the overall increase in release with increased K+ was not changed. Tissue concentrations of glutamate were depleted by stimulation. For example, after superfusion with 5 0 m~-K + , tissue glutamate was decreased to 42% of that being retained after 2 0 m~-K + stimulation. Although glutamate is being synthesized from glucose at a reasonable rate in oitro, glucose alone cannot maintain the pool during periods of stimulated release. Neurons are rich in glutaminase (Bradford & Ward, 1976) and there is now convincing evidence that glutamine may act as an effective precursor for the glutamate transmitter pool (Hamberger et al., 1978; 1979a,b; Reubi et al., 1978) . Inclusion of 0.4mu-glutamine in the superfusion medium effectively maintained glutamate concentrations in the striatal tissue slices and release was enhanced.
These results strongly favour the notion that glutamate is a transmitter in the rat striatum, probably of the cortico-striatal afferent fibres. Human erythrocytes can fragment without loss of haemoglobin when heated to temperatures of about 5OoC (Ham et al., 1948) . Spectrin, which constitutes a large part of the erythrocyte submembrane reticulum (Hainfeld & Steck, 1977) , goes through a partly reversible decrease in a-helical content at 49.5OC (Brandts et al., 1977) . A marked decrease in spectrin phosphorylation at 50°C has also been reported (Greenquist & Shohet, 1976) . Ponder (1950) has suggested that the heated cell behaves in some respects like a viscous drop.
We have recently examined the behaviour of heated erythrocytes as a model system in which to study the interfacial properties of membranes. The growth of instabilities on a cylindrical form of one liquid immersed in another, a classical system for studying droplet formation by interfacial forces (Meister & Scheele, 1967) , has bem mimicked by stressing heated cells in hydrodynamic flow (Coakley et al., 1978; Crum et al., 1979; Deeley et al., 1979) . Erythrocytes attached to a glass surface were observed by cinemicroscopy during stressing. Some cells were lifted from the glass by the flow. These cells moved a short distance in the flow and were then restrained by a membrane attachment to the glass. The attachment, a membrane tube enclosing cell contents, changed into a line of connected vesicles as the cell moved. A ring of membraneenclosed material that remained attached to the glass also broke up into regularly spaced vesicles. The spacing of the vesicles was less than that predicted by theory (Meister & Scheele, 1967) for the breakup of an uncharged viscous cylinder of one liquid immersed in another. Measured values of the growth rate of the instability that led to the formation of the vesicles suggest a very low value of about lO-'N/m for the effective interfacial tension .
Modem developments of interfacial theory show that for systems of low interfacial tension the work necessary to deform an interface consists not only of work done against interfacial tension but also of work necessary to bend the interface (Miller & Scriven, 197Oa) . The presence of an electrical double layer formed by ionic species close to a charged interface provides a degree of structure that may stabilize an interface against the growth of a short-wavelength disturbance (Miller & Scriven, 19706) . The double layer may encourage the ,growth of longwavelength disturbances by a mechanism similar to that responsible for wave growth on applying an electric field across a xylene/water interface (Melcher, 1963; Miller & Scriven, 1970b) . Essentially disturbances grow as interfacial instabilities if the initial displacement, which may arise from an environmental disturbance, leads to a net loss of interfacial potential energy, which is then expressed as kinetic energy. We report here some observations on the fragmentation of unstressed heated erythrocytes, paying particular attention to charge-and ionic-dependent effects.
Cells are placed in 10 cm-long rectangular microcapillaries of 100pm gap and 1.2mm width. The microcapillary is placed between two platinum electrodes. Saline covering the microcapillary and the electrodes is heated by current from a 20 kHz 585th MEETING, GUILDFORD 111 6 W oscillator. The temperature close to the microcapillary is monitored by a thermistor. The cells are heated at controlled rates and their response is recorded by cinephotomicroscopy . Two general types of response, which depend on the contents of the fluid bathing the cells, are observed as the spectrin melts. In one type of response movement of the cell rim is essentially in the horizontal radial direction and a wavy outline grows, in times of the order of a second, to displacement amplitudes as high as lpm. Vesicles can develop from the crests of the growing waves. In the second response the main movement of the rim of the cell is upwards. An invagination appears to be formed from the upper dimple of the biconcave disc.
Washed At the present time it appears that the variation of the response of the cell to heat is governed by a change in the relative magnitudes of the surface-charge-and ionic-strengthdependent tendency to promote membrane movement as an instability in a radial direction and the influence of surface tension working to decrease the curvature of the rim of the cell by raising it in the vertical direction. The system described appears to have potential as a method of studying agents that modify the energy required to bend a membrane.
An understanding of the mechanism whereby bile acids pass from the portal blood, across the liver into bile, requires knowledge of their subcellular distribution. At present there is little information on the distribution of bile acids throughout the hepatocyte; Okishio & Nair (1966) originally showed that about 70% of the hepatocyte bile acid was in cytosol and that nuclei, mitochondria and microsomal fraction each contained a further 10%. This latter study can be criticized since the extent to which bile acids are redistributed between subcellular fractions during homogenization is unknown.
We have studied the association of different bile acids with nuclear, microsomal and mitochondria1 preparations from rat liver and determined the values of the partition coefficients (K,) for the distribution of bile acids between the organelles and buffer. The criteria by which it was determined that the association of bile acids with these subcellular organelles could be explained by partitioning of the bile acid into the organelle rather than by binding to specific sites have been described (Strange et al., 1979a,b) .
Assuming that the total amount of bile acid in the liver, H, is given by:
where us, vnr v,, and vmlt. are respectively the volumes of cytosol, nuclei, microsomes and mitochondria, K , is the dissociation constant of the binding of bile acids to cytosolic protein and N is the concentration of cytosolic binding sites. Table 1 shows the percentage subcellular distribution of cholic acid conjugates (glycocholic acid and taurocholic acid) and lithocholic acid. The distribution is based on the presence, in liver, of 16lOnmol of cholic acid conjugates and 20nmol of lithocholic acid. Substantial amounts of both bile acids were associated with nuclei with smaller amounts associated with microsomal fraction and mitochondria. The compartmental model also allows the amounts of these bile acids that are in free solution in cytosol to be estimated.
In rats, cholic acid conjugates and lithocholic acid have similar plasma clearances, but the biliary excretion of lithocholic acid is slower (Strange et al., 19796) . If one assumes that bile acids cross the liver by simple diffusion, the compartmental model may partially explain the slower biliary excretion of lithocholic acid. A molecule of lithocholic acid will spend 99% of the time it takes.to cross the cell associated with a subcellular fraction, and therefore stationary, and only 1% of its time protein (a,) in cytosol (a,) Vol. 8
